Around 0.04% of the world's marine area is presently designated as no-take zone (NTZ), in which all fishing is banned. The IUCN, backed by many marine fisheries and ecology scientists, has called for this to be increased to 20-30% by 2012 in order to conserve fish stocks and marine biodiversity. This ambitious target presents a number of collective action problems (CAPs) that must be addressed and overcome if fishers and other relevant actors are to collaborate towards its achievement. These are discussed, drawing on the common-pool resource (CPR) literature, with particular reference to those raised by divergent aims, predictability, different knowledges, role of advocacy, locality, level of decision-making and enforceability. As NTZs are ultimately about altering the behaviour of humans, it is argued that studies based on social sciences, on how NTZs can be designed, implemented and enforced on a collective basis, are essential.
Introduction
No-take zones (NTZs) can be defined as marine areas in which the extraction of living and non-living resources is permanently prohibited, except as necessary for monitoring or research to evaluate effectiveness [1] . As such they are the most restrictive type of marine protected area (MPA), this being a general term for a wide variety of designations which confer varying degrees and types of protection. NTZs are thus equivalent to Category I (strict nature reserve/wilderness area) under the IUCN's protected area management categories [2] , though a wide variety of designation terms is used to describe them, e.g. marine reserves, highly protected marine areas, marine preservation zone, scientific zone. There has been a rapidly growing interest in recent years in the potential of NTZs as a partial solution to the challenges of declines in both fish stocks and marine biodiversity. The increasing number of publications on various aspects of NTZs [3, 4] reflects this interest. The foci of these publications vary, but the majority draw on marine fisheries and/or ecological sciences. However, very few papers have analysed the social challenges posed by NTZs. This paper makes a contribution to filling this gap by analysing the collective action problems (CAPs) posed by NTZs, particularly those in territorial seas out to 12 nm, drawing on the common-pool resource (CPR) literature. It is important to note that this paper is strictly focused on CAPs posed by NTZs, and is not a wider analysis of fisheries management drawing on CPR theories, on which there is already a wide literature 1 .
It is estimated that less than 0.5% of the area of the world's oceans is designated as MPA [8, 9 ]. Yet a smaller percentage is fully protected as NTZ, estimated in 2000 at around only 0.01% [10] . Considering this minuscule proportion, the IUCN's recommendation that 20-30% of each marine habitat should be designated as NTZ by 2012 2 is clearly very ambitious, though, as Suzuki [12] notes, such recommendations are easily ignored. The 2002 World Summit on Sustainable Development was less ambitious in that whilst it called for the restoration of depleted fish stock and a representative network of MPAs, it did not include an explicit target for permanent NTZs 3 . However, there have been many calls for a much greater proportion of the world's seas to be designated as NTZs, particularly in the late 1990's and early 2000's, which support the IUCN's target 2 . In 1998, 1605 marine scientists signed a call for governments to protect 20% of the world's seas from threats by 2020 [14, 15] . Similarly, in 2001, 161 marine scientists signed a scientific consensus statement calling for a network of NTZs to conserve fisheries and marine biodiversity [16] , as the culmination of a three-year research project [17] .
At around the same time the USA's National Research Council published a detailed analysis and guide on MPAs which was largely focused on NTZs [1] , whilst WWF commissioned a comprehensive guide to NTZs [8] . There were also many papers stressing the impacts of fishing on ecosystems [18] [19] [20] [21] [22] [23] and arguing for NTZs [10, [24] [25] [26] [27] [28] ; highlighting the impacts of fishing on species [29] , e.g. sharks [30] and other chondrichthyans [31] , sea turtles [32] , cetaceans [33, 34] , and shellfish-eating birds [35] ; stressing the potential benefits of NTZs based on models [36] [37] [38] [39] [40] [41] [42] [43] ; and reporting the observed effectiveness of NTZs in providing for the recovery of fish populations within [44] [45] [46] and beyond [47, 48] their boundaries.
In the face of this large number of recent publications making the case for NTZs, it could easily be concluded that there is a consensus on their need and that the prospects for achieving the IUCN's 20-30% NTZ target 2 are therefore relatively good. However, there are many who challenge the case for NTZs on various grounds, e.g. most fish stocks are too mobile for such site-specific approaches [49] ; decreasing overall effort is far more effective for conserving fish stocks and avoiding ecosystem regime shifts [50] , both accordingly arguing that modern fisheries management approaches (MFMAs), such as quotas and technical measures, may often be more 1 See, for example, chapters 1, 6, 8 & 10 [5] of Ostrom et al. [6] and chapters 2, 3, 5 & 6 of Dolšak and Ostrom [7] . 2 Recommendation 5.22 calls "on the international community as a whole to…. 1) Establish by 2012 a global system of effectively managed, representative networks of marine and coastal protected areas… a) these networks should be extensive and include strictly protected areas that amount to at least 20-30% of each habitat" [11] . The rough area estimate of 0.01% in 2000 [10] does not include, inter alia, the 2004 addition of around 99000 km 2 NTZ in the Great Barrier Reef Marine Park. This alone raised the NTZ area figure to around 0.04%, compared to which the IUCN target represents a 500-750 times increase in eight years, at the time of writing. 3 30(a) Maintain or restore stocks to levels that can produce the maximum sustainable yield with the aim of achieving these goals for depleted stocks on an urgent basis; 31(c)… the establishment of marine protected areas… including representative networks by 2012 and time/area closures for the protection of nursery grounds and periods [13] . effective than NTZs. Willis at al. [3] declare themselves as proponents of NTZs, but review papers that question the validity of many of the theoretical speculations based on models that have been made for their potential benefits, and question the scientific rigour of much of the empirical evidence for the recovery of fish populations within them.
Many of the arguments for and against NTZs are represented in a forum of seven viewpoint papers [51] by marine biologists, fishery biologists and fishers. An analysis of these and other papers indicates that the consensus on the need for NTZs may actually be confined to quite a narrow constituency. Table 1 summarises the main positions for and against NTZs. Shipp's critical perspective on NTZs [49] prompted a rebuttal [52] that countered many of his arguments, and debates on the merits of NTZs will no doubt continue. Whilst Table 1 reveals that the number of author's arguing for NTZs is greater than the number arguing against, the pattern, in practice, is for fishers to tend to object to and resist NTZ proposals on a variety of grounds, e.g. (a) the potential benefits of such designations are largely unproven [4, 51] , a position which Polunin [53] argues is scientifically justified, whilst the losses to excluded fishers are immediate and obvious; (b) the presumption that fishing should be allowed everywhere all the time unless negative impacts on stock sustainability can be proven [54] ; and (c) the tendency for people to almost reflexively oppose restrictions to what they can do on the global commons [28] . Such objections and resistance will no doubt continue to be a considerable hindrance to the achievement of the IUCN's target 2 .
Against this background, this paper will analyse some of the challenges to gaining the agreement and cooperation of fishers with NTZs. These are considered as collective action problems (CAPs), i.e. the general challenges that must be addressed and overcome if actors are to collectively govern CPRs. The CPR literature argues that such CAPs must be overcome, through the re-design of institutional arrangements, if more collaborative management (hereafter co-management) initiatives are to be effective [55] [56] [57] . There is growing interest in the potential of co-management as a means of achieving sustainable marine fisheries management [58] [59] [60] [61] [62] [63] [64] [65] [66] on the basis that such governance approaches, whereby the state and the fishing industry work on a partnership rather than adversarial basis, are essential given the evident failure of top-down government approaches [5] . However, if such governance approaches are to be pursued, including even partial fulfilment of the IUCN target 2 through the designation of more NTZs, it will be necessary to overcome the CAPs posed by NTZs. Hilborn et al. [67] argue, however, that NTZs are merely 'band-aids' that address the symptoms of overfishing , and that rather than specifically pursuing NTZs as part of an ecosystem approach, the emphasis should be on developing wider solutions through more bottom-up, community rights-based approaches to fisheries management. Against this complex background of perspectives, this paper will focus on the CAPs posed by NTZs, in particular those related to seven issues: divergent aims; predictability; different knowledges; role of advocacy; locality; level of decision-making; and enforceability.
Divergent aims
NTZs are often discussed as a win-win strategy [68, 69] , in that they will confer benefits for both marine biodiversity 4 and fisheries conservation [17, 25, 48] . However, Ballantine [70] argues that the primary aim of NTZs is to conserve or restore marine biodiversity, and that whilst it is likely benefits will also be provided for fisheries, such benefits should be regarded as bonuses. Similarly, Halpern et al. [38] argue that NTZs "need not, and perhaps should not, be designed with fisheries management as a primary goal". These views are supported by the NFCC Consensus Statement [71] , which argues that whilst NTZs have a clear and generally accepted application for meeting marine biodiversity conservation objectives, their potential role in fisheries management is controversial as evidence for their wider benefits is lacking.
There are clearly benefits to promoting NTZs as win-win strategies. Wider larval spillover [28, 36] and adult export [47, 48] benefits thus become a means of reducing the potential for objections from fishers who will otherwise see NTZs purely as a marine biodiversity conservation initiative from which they stand to lose by their exclusion from fishing grounds. Given enough evidence of the wider fisheries benefits of NTZs, many fishers could become proponents.
However, it could be questioned whether it is valid and necessary to 'sell' the resource management benefits of NTZs, i.e. terrestrial conservationists do not have to convince hunters that protected areas will produce a surplus of wildlife that spills over and supports surrounding hunting communities [51] , so why should marine conservationists have to 'sell' NTZs on the basis of their wider benefits for fisheries exploitation? Why should we not think of NTZs in the same way as we think about terrestrial protected areas -simply as secure havens for biodiversity [51] . It could be argued that the scale and connectivity of the marine environment, coupled with the presumption of multiple-use of marine areas and the view that society's relation to the 'alien' sea is largely defined in terms of the resources it provides [4] , undermines these comparative question. It could be counterargued that another objective of NTZs is to challenge and transform such presumptions and views.
This question and arguments aside, it is debatable whether NTZs can be pursued as a single tool to achieve both aims. NTZs aimed primarily at achieving marine biodiversity conservation objectives will have different design and implementation criteria to those aimed primarily at achieving fisheries management objectives [1, 72] . Roberts [73] , for instance, discusses conflicts between the design of NTZs for fisheries and marine biodiversity conservation functions, related to whether coral reef NTZs should be designed to facilitate or minimise spillover. Simberloff [74] notes that whilst the two aims are not necessarily mutually exclusive, the criteria for evaluating success for each would be very different.
There is also evidence that NTZs may actually undermine fisheries conservation objectives as a result, for example, of increases in fish stock predators [75, 76] and of lower growth rates due to overcrowding [77] . Table  1 reveals that many consider MFMAs to be more effective for fisheries conservation than NTZs. Such MFMAs could be incorporated within a sustainable multiple-use MPA zonation scheme, which could incorporate core NTZs aimed at protecting areas primarily for marine biodiversity conservation objectives. Such combined approaches will reconcile the rift that, it has been argued, has been constructed between the two types of designation [78] and overcome the related single large or several small (SLOSS) reserves debate [4] . However, the debate on the proportion of multiple-use MPAs and of the total marine area that NTZs represents will continue [4] . In this respect, Agardy et al. [78] argue against numerical targets for NTZs on the grounds that they become ill-substantiated mantras that could undermine support for multiple-use MPAs. They would clearly not support the IUCN's NTZ target 2 
.
This target reflects the assumption that NTZs are the only legitimate MPA, an assumption that Agardy et al. are critical of. This assumption is arguably itself a reflection of different underlying ethical perspectives, NTZ proponents being more influenced by preservationist and ecocentric perspectives, and multiple-use MPA proponents being more influenced by the utilitarian resource conservation perspective 5 . The potential for the 4 The general term 'marine biodiversity' is used to describe both structure-oriented (focus on conserving representative habitats and threatened species) and process-oriented (focus on conserving ecosystem processes) perspectives [4] , in keeping with the definition of biodiversity by the Convention on Biological Diversity [Article 2, www.biodiv.org/convention/articles.asp] 5 See Callicot [79] for an outline of these ethical perspectives in the context of fisheries management.
convergence of these different perspectives may be limited given Miller and Kirk's [80] argument that when a problem is based on competing ethics, "negotiated settlement is foreclosed because consensus is philosophically intolerable". The divergence between proponents of NTZs for fish stock conservation, with the emphasis on larger multiple-use MPAs which might include NTZs but without area targets, and of NTZs for marine biodiversity conservation objectives, with the emphasis on achieving NTZ area targets, is therefore very significant and might be considered as a basic conflict [4] . This divergence is reflected in the difference between the WSSD target for MPAs 3 , implicitly incorporating NTZs but not specifying an area target, and the IUCN 20-30% area target 2 , the former being driven by wider resource conservation concerns and the latter by specific nature conservation concerns.
A key implication of this divergence is that pursuing NTZs on a win-win basis could be counter-productive, as the aims of marine biodiversity and fish stock conservation may not be compatible in some cases. For instance, Fanshawe at al. [75] argue that where restored top carnivores limit the sustainability of a commodity harvest, two categories of NTZs may be needed, one focusing on ecosystem restoration and one on fishery development, in order to resolve the conflict, an approach which is consistent with Ballantine's argument [70] discussed above. Such a dual approach would not avoid the CAPs associated with closing areas to fishing for marine biodiversity conservation purposes, but it would avoid the CAPs that could emerge if NTZs are widely promoted on a win-win basis when the divergence between these aims may, in some cases, undermine such a combined approach.
Predictability
Marine ecosystems tend to be relatively complex and display high degrees of variability, and it can be extremely difficult to predict the impacts of human interventions such as NTZs. Our relatively poor understanding of the complex dynamics of marine ecosystems [4] compounds this challenge. Researchers investigating the validity of CPR governance approaches have identified a number of critical enabling conditions for the sustainability of CPRs [81] . Whilst they are arguably not all universally critical, their non-fulfilment in a given CPR system does represent a significant challenge for the governance of the CPRs in question, in effect posing a number of related CAPs. A key resource system condition is that the flow of resource units should be reasonably predictable, Baland and Platteau [82] identifying lack of resource knowledge as one of the main factors that drives users to over-exploit CPRs. Our inability to predict the behaviour of natural resources is generally discussed in terms of scientific uncertainty.
There is considerable debate as to how natural resource conservation initiatives should proceed in the face of such uncertainty. Ludwig et al. [83] propose that full scientific consensus concerning fisheries and marine ecosystems shall never be attained, as controlled and replicated experiments are impossible to perform in such large scale systems. With specific regards to NTZs, as is discussed above, many of the predictions of their effects based on modelling exercises have been criticised on the grounds that they are based on assumptions that ignore the complexity of marine ecosystems [3] . Empirical evaluations of actual NTZ effects are also fraught with difficulties as good controls are very difficult to find due to the connectivity of marine ecosystems [38, 47] . Furthermore, the natural variability of marine ecosystems means that it is difficult to distinguish between NTZ effects and such variability [38, 84, 85] Such difficulties support, in specific relation to NTZs, Ludwig et al.'s [83] argument concerning the unattainability of scientific consensus. Wilson [5] builds on these arguments in discussing how the quest for such certainty and consensus in complex marine ecosystems is inappropriate, as it assumes that we are dealing with a simple Newtonian system in which species dynamics and cause-effect relationships can be determined. It could therefore be argued that attempts to predict and monitor the effects of NTZs are falling into the same 'reductive trap' as fisheries models, in that they are based on the same Newtonian rationale. Wilson [5] argues that the inappropriateness of this rationale is one of the key factors behind the failure of MFMAs. The application of this rationale to NTZs is thus arguably perpetuating the reductive approach that led to the fish stock and marine ecosystem declines, which are a key basis for calls for NTZs.
So how can NTZs avoid this 'reductive trap' and move forward? Ludwig et al. [83] argue that scientific uncertainty is not necessarily an obstacle to conservation initiatives, in that actions should be taken on an iterative, adaptive basis which recognises scientific uncertainty, rather than delaying actions in the quest for scientific certainty. Similarly, and in specific relation to NTZs, the NFCC Consensus Statement [71] argues that there is currently sufficient knowledge to proceed with NTZs to achieve fisheries management goals, provided an adaptive approach is adopted. Wilson [5] again builds on such arguments in his proposals for developing polycentric hierarchical fisheries management institutions that are congruous with the complex spatial dynamics of marine ecosystems. These would provide for uncertainty to be reduced by learning, through exchanged observations and experiences, how marine ecosystems tend to adapt to exploitation and related management interventions, such as NTZs.
Such arguments indicate that a lack of predictability need not be a barrier to CPR governance initiatives, provided the institutions are adapted to uncertainty [5] . One means of adapting to uncertainty is to take a more precautionary approach, which is a management philosophy that favours constraining an activity when there is high scientific uncertainty regarding its environmental effects [1] . Accordingly, there have been calls for NTZs to be established on a precautionary basis [25, 86] , in keeping with calls for reversing the burden of proof in fisheries management [87] . However, in the context of the current reductive fisheries management approach, the difficulties, if not impossibility, of predicting and proving the benefits of NTZs aimed at fish stock conservation are highly likely to lead to CAPs for such precautionary NTZs, which may often be insurmountable. Fishers and their regulators are much more likely to vigorously object to NTZ proposals where uncertainty is high and predictability is lacking, and NTZs that are designated in the face of such objections are likely to be more difficult to enforce.
It is important to note that the issue of predictability largely applies to the potential fisheries management benefits of NTZs. The marine biodiversity benefits are far more predictable. The major biodiversity impacts of fishing on seabed communities are well documented, mainly through the reduction of structural complexity [88, 89] . However, these studies also reveal that habitat complexity and biodiversity can often fully recover, though over varying periods of time. In a similar manner, the ecosystem and species impacts of fishing [10, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] will clearly be prevented in a given area if fishing ceases through NTZ designation, allowing the marine ecosystem and associated species to recover, provided the ecosystem has not shifted to an alternative stable state (ASS) and the species are not too severely extirpated. There is therefore a clear divergence of predictability between the fisheries and biodiversity benefits of NTZs, unpredictability arguably only applying to the former. If the objectives of NTZs are primarily focused on the biodiversity benefits, unpredictability is far less significant an issue, as are the related CAPs, though major CAPs would be posed through the resistance of fishers to NTZs focused on such benefits.
Different knowledges
Many argue that the integration of local fishers' knowledge with 'expert' knowledge is essential for effective fisheries management [90] [91] [92] . Local knowledge amongst resource exploiters should thus be treated in the same way as scientific knowledge, rather than being discounted on the basis of a lack of training or social position [93] . Many also argue that science is no longer independent of societal values, and that experts and lay people should share knowledge and deliberate on the validity of differing judgements, including considerations of underlying value perspectives [94, 95] .
These views on the role of lay and expert knowledges are not reflected in MFMAs, in which experts set harvest limits based on reductive models, regulators interpret them and allocate quotas, and reluctant fishers are expected to comply. The scepticism of fishers about the reductive basis for setting limits is a factor that influences them to defy quotas and other restrictions, often successfully. On this basis Wilson [5] argues that the reliance of MFMAs on 'expert' knowledge is a key factor in their failure, as it undermines the potential for mutual restraint amongst fishers and ignores their detailed local knowledge. He proposes an alternative approach whereby polycentric hierarchical institutions are designed that do not make reductive assumptions about fisheries dynamics, but do emphasise the role of collective learning amongst scientists and fishers. Such multiscale collective learning networks could provide for the detailed local knowledge and experiences of fishers to be combined with the larger scale knowledge of scientists, in a manner that enhances the capacity to adapt to complexity and uncertainty.
With more specific regards to NTZs, there is a divergence between those who believe they should be designed and managed primarily on the basis of expert scientific information, and those who believe they should be designed and managed on a more collective basis, also drawing on local community knowledge [4] . The expert basis position is clearly more consistent with MFMAs and places a major emphasis on the development of theories and models, such as those currently being developed [17, [36] [37] [38] [39] [40] [41] [42] [43] , whilst the collective basis position is more consistent with Wilson's [5] collective learning networks approach. In support of the latter, it has been argued that the exchange amongst fishers of assessments of the fisheries and ecosystem benefits of NTZs will have more influence than quantitatively rigorous scientific assessments [47, 96] .
Whilst there are different views on the relative validity of expert and local knowledges in the design and management of NTZs, it is clear that CAPs will be raised if this does not sufficiently provide for the inclusion of fishers knowledge based on their local, long-term experience. Approaches that promote collective learning amongst fishers and experts are likely to be effective in minimising such CAPs, as well as those discussed above related to unpredictability. As such, it is argued that 'consensus on the validity of different knowledges' is an important condition for CPR governance, particularly NTZs, though it is not included in Agrawal's [81] analysis of such conditions.
Role of advocacy
The forum on marine reserves [51] includes mutual criticisms that those arguing for them were funded by a marine conservation foundation, and those arguing against them were funded by a marine fishers' foundation. These criticisms are consistent with the argument that partnerships between conservation NGOs/donors and scientists may lead to biased or partial representations of the ecological and social impacts of MPAs [97] . This is typical of concerns that the difference between science and advocacy in this field is becoming increasingly blurred [53] . Many of these criticisms are aimed at those advocating NTZs, mainly because there are relatively few publications that argue against them. Willis et al. [3] argue that the raison d'être for many review and theory papers concerning NTZs is advocacy for such designations, rather than real attempts to contribute to the science of the field.
There have been several recent calls for scientists to become more involved in environmental policy debates in order to provide for their expert views and concerns to inform such debates and decisions [12, 98, 99] . Such increased involvement is recognised as being particularly important where decision stakes and uncertainty are high and there are many value perspectives [95] , as is discussed above in the preceding section on knowledges. However, these calls are for involvement through the presentation of knowledge based on scientifically informed concerns, not advocacy through proposing or recommending policies, or supporting causes. Myers [99] urges scientists to avoid becoming advocates, by ensuring that they remain rigorous rather than descending into rhetoric, and by making clear where there are uncertainties over their knowledge, though in relation to the latter he also stresses that uncertainty surrounding concerns should not become a basis for not communicating them. Mackey's [100] response to Myers [99] agrees that scientists have a moral obligation to inform society if they believe that the earth's ecological life support systems are being damaged. He stresses that rather than adopting an advocacy role by promoting specified outcomes, scientists should adopt a mediation role, by providing information about the potential outcomes of various policy options to achieve concrete goals. He also argues, in keeping with the discussions above on the precautionary role of NTZs, that the principles of the Earth Charter could support the role of scientists as 'honest brokers'.
Against this background, the extent and impacts of advocacy in NTZ debates is itself debatable, as the distinction between mediation and advocacy is, indeed, a blurred one. It could be argued that scientists highlighting the impacts of fishing on marine ecosystems, as discussed in the introduction to this paper, were highlighting a valid concern, entirely in keeping with the above principles, with the goal of reducing such impacts. However, those promoting NTZs as the key means of achieving this goal could be considered to be focusing on a single policy option, and thus straying into the realms of advocacy, whilst those who specify a specific NTZ target area are even further into such realms 6 . It is important to distinguish between the IUCN's 20-30% NTZ target 2 , which is valid given the campaigning role of this NGO, and the call for a 20% target from scientists [14, 15] . In relation to the latter, Agardy et al. [78] argue that advocating such empirically untested and simplistic 'rules of thumb' creates dangerous targets that could threaten progress in marine conservation by raising inflated expectations, polarising arguments and provoking a policy backlash. Hilborn et al. [101] similarly argue that unqualified advocacy for NTZs ignores the potential negative impacts to fish stocks and fishing communities, and that it is misleading to promote them on the basis that they are always likely to result in improved yields. A contributor to the marine reserve forum [51] accuses advocates both for and against NTZs of polarising arguments through oversimplification.
So what are the implications of advocacy, accepting that the distinction between it and mediation is a blurred one, in terms of raising CAPs for NTZ? Fishers are likely to object more strongly if they believe that NTZs are being promoted by scientists as a main policy option on an apparently objective basis, on the grounds that they can achieve both fisheries and marine biodiversity goals, when they suspect that the implicit motives are more preservationist and related to the latter goal [4] , and this is likely to raise considerable CAPs. The polarisation of the debate by those from fisheries and marine biodiversity perspectives adopting the position of advocates is also likely to raise CAPs. Such CAPs are likely to have a particular impact should fishers and scientists subsequently be expected to collectively learn through NTZ networks in keeping with Wilson's [5] vision.
Locality
Marine habitats and species tend to have relatively wide distributions, with many species and their propagules actively or passively moving over hundreds or even thousands of km's in their life cycles. Areas that are spatially separated are therefore more likely to be functionally connected in marine ecosystems than in terrestrial ecosystems [4] . These inter-related attributes of scale and connectivity pose particular challenges as they mean that many fish stocks tend not to be localised and are therefore not consistent with four of the resource system characteristics that are critical enabling conditions for sustainable CPR governance [81] , i.e. small size, welldefined boundaries, low levels of mobility and possibilities of storage of resource benefits. This lack of locality poses a number of related CAPs.
Where NTZs are designed to protect highly mobile species, particularly through the protection of areas that are critical during certain stages of their life history [102] , the fishery benefits will be spread over a wide area through the migration of adults and export of propagules. Fishers in the locality of the NTZ affected by the closure will therefore only receive a small proportion of the NTZ benefits, as they will have to share them with other fishers over a wide geographic area. There will, however, be local benefits for overfished stocks with low mobility or territorial adults, provided mobility is high enough to provide for export from the NTZ [49] .
Another consequence of the scale and connectivity of marine ecosystems is the potential for impacts derived from activities outside NTZs to undermine local conservation efforts [103] , e.g. through the distant harvesting of migratory populations, climate change [104] , trophic cascades [105] and invasive species [74] . Such impacts, or even their potential, may undermine the motivation of local fishers to act, thus posing a significant CAP. This supports Berkes' [106] arguments that CPRs need to be managed at a variety of different scales, in which horizontal (across geographical space) linkages are important. Wilson [5] similarly argues for fisheries to be managed through a hierarchy of institutional structures, higher levels addressing wider-scale issues. Thus local NTZs would be integrated with wider scale fishery and environmental management initiatives in order to address externally derived impacts. It is, however, unlikely that all such impacts will be able to be ameliorated through such approaches, so NTZs are always likely to have to address the CAPs posed by scale and connectivity.
There is also considerable potential for non-local fishers to come into an NTZ, or the area around it that is locally benefited by export/spillover, and freeride by harvesting stocks that have been increased through local restraint. Such incoming transgressors will clearly undermine the motivation of locals to employ such restraint. Indeed, exploitation from non-locals is widely recognised as representing one of the main threats to the conservation of natural resources, though it is also recognised that alliances between government agencies and local stakeholders can be an important means of fending off such threats [107] . Such alliances present a significant positive opportunity for NTZs, whereby any costs incurred by local fishers through employing restraint can be compensated for by introducing a degree of local protectionism to exclude incoming freeriders. This is consistent with Rydin and Pennington's [108] argument that spatially delimited, localised environmental governance is particularly effective in enabling stakeholders to overcome CAPs, and that there may need to be rules which prevent the participation of non-locals who have a higher potential to free-ride. It is also a good example of how synergies can be created between conservation objectives and those of local stakeholders [109] , in that government agencies might regard the restraint of local fishers as a means of achieving fisheries and marine biodiversity conservation ends, whilst stakeholders might regard local protectionism as an end to be achieved through the means of such conservation.
Level of decision-making
One of the CPR governance conditions is that decisions over access and management rules should be taken locally, whilst another is that the central government should not undermine local authority [81] , both implying that CPR governance is most effective where management decisions are largely taken by locals. There is, however, a divergence between those who argue that MPAs should be managed on a top-down basis, whereby government agencies have a dominant decision-making role, and those that argue that they should be managed on a bottom-up basis, whereby local MPA users have a dominant decision-making role [4] . There is a similar divergence in the specific context of NTZs, Erwin [110] arguing that decisions should be taken at as high a level as possible in order to avoid fishers' vested interests undermining marine biodiversity conservation objectives, whilst Hilborn et al. [101] argue that the top-down imposition of NTZs is as unlikely to work as the attempted imposition of MFMAs has proved to be, in keeping with Wilson's [5] views on such attempts discussed above. These contrasting arguments resonate with arguments that too bottom-up an approach raises the risks of parochialism (domination by local resource exploitation interests) and too top-down an approach raises the risks of imposition (apathy, objections, non-cooperation and defiance) [111] . In this respect, Berkes [106] notes that "the balance of evidence from the commons literature of the past few decades is that neither purely local-level management nor purely higher-level management works well by itself".
It is important to recognise that these divergent perspectives are, to a degree, an expression of the divergent aims discussed above, whereby those focused on marine biodiversity aims tend to favour more top-down approaches [110] whilst those focused on fisheries conservation objectives tend to prefer more bottom-up approaches [67] . Furthermore, many are now arguing, both in the context of MPAs [4, 112] and in fisheries management [58] [59] [60] [61] [62] [63] [64] [65] [66] , for a more balanced approach whereby top-down and bottom-up approaches are combined, with government agencies and fishers working on a partnership basis [111] , in keeping with the concept of collaborative management [107] . However, the question remains as to what balance of power will be appropriate in such partnerships in order to balance the achievement of wider-scale, strategic goals with the fulfilment of more local priorities [111] . This question can be related to Wilson's [5] vision for polycentric hierarchical management institutions, discussed above, in that it could be argued that the higher level institutions with more wider-scale, strategic priorities will need to have a degree of power over lower level institutions, raising the risks of imposition and highlighting the importance of carefully managing top-down management interventions [111] .
The key question, however, remains: what is the appropriate balance of power amongst different institutional layers, and more specifically, what is the role of local fishers in decisions concerning NTZs which affect them? The balance will, of course, very much depend on the context, particularly the aims of the NTZ in question, the geographic scale of the fishery and ecosystem in question, and the nature of the related CAPs which need to be overcome. Rydin and Pennington [108] argue that in cases where CAPs are severe, particularly where priorities amongst different locations must be balanced, it is often appropriate to adopt a more top-down approach, as this is the only feasible way of addressing such CAPs. This is consistent with Dryzek's [113] argument that as the geographic scale and scope of resource exploitation interdependencies increases, the need for some central authority to coordinate negotiations and enforce agreements also increases, as discussed by Milon [114] in the specific context of NTZs against the background of the scale, connectivity and complexity of fisheries. However, Milon also recognises that the risks of imposition increase as decision-making becomes more centralised.
This circular argument, then, brings us back to the above key question and highlights a dilemma, i.e. that topdown decisions raise the risks of imposition whilst bottom-up decisions raise the risks of parochialism [111] . Wilson's [5] proposals for collective learning networks amongst fishers and scientists may have some potential to bridge the divide between top-down and bottom-up decision-making, and thus reconcile this dilemma. It is clear, however, that the level at which NTZ decisions are taken will raise significant CAPs for NTZs, and that these will need to be carefully addressed by initiatives to achieve the IUCN target 
Enforceability
The challenge of excludability is recognised as a critical issue for the management of CPRs in general [55] . The exclusion of certain users and types of uses at sea, which is vital if resource exploitation measures are to be enforced, is widely recognised as being a particular challenge due to the logistical requirements, expense and risks of mounting surveillance patrols, given the wide-scale of the marine areas being policed. Such difficulties are widely recognised, in particular, as being a significant factor behind the failure of MFMAs in many cases. However, an important argument for NTZs is that they are simpler and easier to enforce than MFMAs [36, 71, 96] , in that it is not a matter of boarding a fishing vessel to check that it is licensed, within quota, adhering to minimum size limits, using the right gear, etc, but simply a matter of ascertaining and proving whether the vessel is fishing. Such designations may thus better fulfil the two CPR governance conditions that rules are simple and easy to understand, and easy to enforce [81] . NTZs also have less potential for fishers to be able to overcome restrictions through the evolution of fishing practices [71] . However, enforcing NTZs remains a major challenge, Davis et al. [115] reporting that illegal fishing in NTZs on the Great Barrier Reef Marine Park (GBRMP) occurred at significant levels, particularly for more remote NTZs. Whilst they found that illegal fishing decreased as surveillance effort increased, they highlight the challenges posed if sufficient surveillance is to be ensured now that the NTZ areas has increased from 4.6% to 33% of the GBRMP area. Given that the IUCN 20-30% NTZ target 2 represents a marine area of around 72-108 million km 2 , it is clear that the surveillance and enforcement of NTZs over such a vast areas will be a major challenge.
The degree of enforcement required to ensure the compliance of fishers with NTZs is strongly affected by the six issues discussed above. It can be reduced if fishers are involved in NTZ design and management [1, 111, 116] through co-management approaches [58] [59] [60] [61] [62] [63] [64] [65] [66] ; therefore the level of decision-making is critical in this respect. Similarly, the promotion of a sense of local ownership of the resources can ease enforcement [1, 8] ; therefore the above discussions concerning locality are also critical in this respect. In particular, it is important that there are statutory provisions that require the compliance of potential freeriders, be they non-locals or locals, and that they are effectively enforced. If a freeriding minority is seen to benefit by harvesting fish stocks in an NTZ that have been increased through the restraint of the majority, resentment will be fostered and the potential for cooperation with the NTZ will be critically undermined [1, 8, 117] . The discussions concerning different knowledges are critical in that reliance on 'expert' knowledge undermines the potential for mutual restraint amongst fishers [5] , therefore providing for fisher's knowledge to be employed in NTZ decisions and increasing their respect for the scientific basis of these decisions can promote their cooperation.
Divergent objectives can raise enforcement challenges where there is a lack of support for NTZs focused primarily on biodiversity conservation objectives, which might undermine the potential for cooperation, particularly if the level of decision-making about such designations is high, as previously discussed. Ballantine [118] reports that fishers who were initially divided about a proposed NTZ in New Zealand, came to appreciate the coincidental fisheries benefits that it provided, and most became active enforcers, through peer surveillance and pressure. In general, however, it is likely that biodiversity conservation-focused NTZs will face particular enforcement challenges, at least in the initial stages before any wider fish stock benefits are realised [8] . Lack of predictability is an important related issue, as it creates uncertainty and, potentially, scepticism amongst fishers concerning predictions of wider fish stock benefits, and may undermine their potential to cooperate. The role of advocates may also undermine such potential in cases where fishers believe that scientific advice in support of NTZs has been provided on a less than impartial basis.
The compensation of fishers excluded from NTZs [119] and of the other affected businesses [120] can also ease enforcement by minimising the development of resentment where individuals have to bear much of the costs to achieve wider benefits, though the question of compensation is rarely addressed in the literature [119] . Such compensation typically takes the form of financial remuneration, i.e. to excluded fishers for income foregone, perhaps in the form of payments to help them adjust by changing or moving their operations [120] . A problem with financial compensation is that most fisheries have common access in that they are not the subject of localised restricted entry schemes, therefore it is very difficult to identify all the fishers who should be compensated, and those local or incoming fishers that have not been compensated will have no such incentive [121] . Compensation may also involve projects to enhance fish stocks in nearby areas [119] e.g. through seeding to enhance nearby shellfish stocks [122] . A problem with nearby fish stock enhancement is that of predictability, in that it is very difficult to determine the potential benefits to fishers of seeding.
'Interpretive enforcement' through education is widely recognised as a means of gaining support for MPAs in order to promote compliance [117] . Making fishers more aware of the objectives of NTZs and of the potential wider benefits should encourage their restraint. Such enforcement may be regarded as sufficient in itself to promote stakeholder understanding and compliance based on the 'information deficit' model [123] , but, in keeping with the many challenges to this model, it has been argued that education and awareness raising is a pre-requisite for more significant participation in MPA decision-making processes, not a substitute [124] . Primary reliance on interpretive enforcement, at the cost of neglecting the other issues discussed in this paper, may actually provoke resentment amongst fishers on the grounds that they feel patronised, thus raising significant CAPs. The use of education and awareness-raising to compliment other initiatives to address such issues and the related CAPs is, however, clearly an important means of supporting enforcement.
It is also recognised that cooperation amongst different government agencies can be very important [116, 117] , e.g. in providing for customs and police sea and air patrols to adopt NTZ surveillance and enforcement roles. Satellite surveillance technology may also have an important role, particularly for NTZs, which are further offshore, by employing vessel-monitoring systems to check whether fishing vessels are operating within NTZs [1, 96, 116] . However, this requires each monitored vessel to be equipped with a satellite transponder, at either the fishers' or government agency's expense, which may be an issue in relation to the CPR governance condition of low cost exclusion technology [81] , though the value of many fisheries may warrant this expense. Lower cost alternatives for more inshore fisheries exploited by smaller commercial and artisanal vessels include hydrophone [8] and radar surveillance. It is also important to consider the prediction that the impacts of noncompliance will be greater for smaller NTZs, based on the assumption that fishers that violate NTZs tend to concentrate their activities near the boundary, where they are more quickly able to leave the NTZ and thus escape detection. This is clearly a factor that should be taken into account in network design, larger NTZs being better buffered against non-compliance than a network of small NTZs [125] . Finally, given that it is estimated that 12% of the world's fish catches are taken by recreational fishers [126] and that such fishing can have significant ecological impacts [127, 128] , it is imperative that NTZs are also enforced on this sector. One consequence of failure to do so is that commercial fishers may feel victimised.
Non-compliance resulting from poor enforcement critically undermines the achievement of NTZ objectives [8, 125] , be these fish stock or marine biodiversity conservation-focused. It is therefore important that a progression of enforcement approaches is employed, as discussed above, including interpretation and providing for the inclusion of fishers and their knowledge in decision-making, as a means, inter alia, of promoting cooperation and peer enforcement, through to the employment of stringent statutory enforcement measures to punish the freeriding minority. The infringement of NTZs by even a very small minority of fishers is likely to both undermine conservation objectives and the potential for mutual restraint amongst otherwise cooperative fishers, but over-zealous use of stringent statutory enforcement measures may also raise the risks of imposition. A careful balance therefore needs to be struck in the use of such measures to avoid raising CAPs through their under or over-use, in keeping with the above discussions on the level of decision-making. Whilst the enforcement of NTZs is an issue that has received relatively little emphasis in NTZ studies [117, 125] , it is argued that it is an issue that represents the critical operational aspect of all of the issues discussed above. It is therefore important that the implications for enforcement are considered at the earliest stages in NTZ initiatives in order that the issues discussed in this paper can be addressed in a manner that optimises the potential for effective enforcement, and thereby the achievement of NTZ objectives.
Conclusion
Initiatives to move towards the achievement of the IUCN's target 2 for NTZs will clearly raise many issues and related CAPs, particularly the seven discussed above. Experiences from proposed NTZs in California [129] [130] [131] reveal that many of these issues and related CAPs have, indeed, already emerged. Whilst studies based on fisheries and/or ecological sciences are clearly important in supporting the pursuance of the IUCN's target 2 , it is argued that studies based on social sciences are equally as important [97] , given that NTZs are ultimately about altering the behaviour of humans, particularly fishers. Such studies, particularly evaluations that analyse issues and initiatives emerging from actual NTZ experiences, will provide an important means of assessing and addressing the CAPs raised by NTZs, such as those discussed above. It is hoped that this paper will make a contribution to bridging the gap, on an interdisciplinary basis, between technical studies on why and how we should pursue NTZs, and social studies on how NTZs can actually be designed, implemented and enforced on a collective basis. [25, 28, 36] A small proportion of fish stocks are actually overfished/depleted and these are generally the result of previous poor decisions. MFMAs remain the best means of fisheries management [49, 51] , particularly bottom-up rights-based approaches [67] NTZs can accelerate the recovery of depleted fish stocks [25] NTZs may be appropriate for the recovery of severely depleted and isolated stocks where there is a low capacity for MFMAs, otherwise MFMAs will be more effective [49] NTZs will improve fish stocks within their boundaries [44] Many reports of such increases scientifically ambiguous [3] NTZs will lead to spillover of adults which will improve adjacent fisheries [47, 48] NTZs will only improve sedentary stocks, the low mobility of which will minimise export [49] . Designation of NTZs will generally require quotas to be reduced [49, 51] . Effort displacement to stocks outside NTZs could actually have wider negative impacts [51] . NTZs will lead to export of larvae which will also improve adjacent fisheries [28, 36] Larval production is not generally a critical limiting factor in recruitment; density-dependent factors far more important [49, 51] . NTZs important for critical habitats, e.g. fish spawning, feeding, migratory & nursery areas [102] These are usually seasonal so temporary closures can be as effective as permanent closures, avoiding year-round loss of fishing grounds [49] . Effort displacement to critical habitats outside NTZs could actually have wider negative impacts [51] . NTZs an important ecosystem restoration and protection tool [26, 51] NTZs ideal for restoring ecosystem equilibrium but then MFMAs which provide for sustainable yield more appropriate [49] . Possible that NTZs could have negative ecological impacts on fisheries [51] NTZs are a precautionary approach to fisheries management, providing insurance in the face of uncertainty [25, 36, 86] Argument that NTZs can provide more precaution against uncertainty than MFMAs is currently an unproven assertion [71] . MFMAs can become more precautionary by setting more conservative harvest levels and improving our knowledge of fisheries dynamics, which will also reduce uncertainty [49] . Models predict that NTZs will increase the size and sustainable yield of fish populations [36, 39, 40, 43] , and that they will also reduce size/yield variability [37, 41, 42] Evidence from models debatable as they are based on simplistic assumptions [3] and other modellers indicate that effort reduction will be more effective than NTZs [50] Unregulated stocks sympatric with target stocks will be conferred protection by NTZs [51] NTZs will reduce the harvest potential of unregulated sympatric stocks which are otherwise sustainable [49] 
